ORIGINAL RESEARCH

THE RELATIONSHIP OF RANGE OF MOTION, HIP
SHOULDER SEPARATION, AND PITCHING
KINEMATICS

Garrett S. Bullock, PT, DPT"*?
Jeff Strahm, ATC*

Tessa C. Hulburt, MS!

Edward C. Beck, MD, MPH'
Brian R. Waterman, MD!
Kristen F. Nicholson, PhD!

[JSPT

ABSTRACT

Background: When pitching a baseball, pelvic and trunk pitching kinematics play an integral role in momentum
transfer from the lower extremity to the upper extremity. However, it is unknown how hip and trunk ROM and hip
shoulder separation interplay with pelvic and trunk pitching kinematics.

Hypothesis/Purpose: To determine the relationship between clinical trunk and hip range of motion (ROM) and pitch-
ing biomechanical pelvis and trunk kinematics, and kinematic sequencing.

Study Design: Controlled biomechanical study

Methods: High school pitchers were assessed for trunk rotation via motion capture and hip ROM via a goniometer
prior to pitching. Trunk rotation was designated as dominant and non-dominant sides, and hips as stance and lead
limbs. Pitchers threw four fastballs during three dimensional biomechanical assessment. Spearman’s Rho correlations
were performed between trunk and hip ROM, and trunk and hip biomechanical kinematics, and kinematic pitching
sequence.

Results: Thirty-two pitchers (mean age: 16.3 + 1.2 years, height = 184.0 + 6.9 cm, mass = 76.8 + 20.8 kg) were
included in this study. Their mean pitch velocity was 34.7 + 2.3 m/s, peak pelvis rotation velocity: 669.1 + 95.5
deg/s, and peak trunk rotation velocity: 1084.7 + 93.0 deg/s. There were no differences between dominant and non-
dominant side trunk rotation, or between stance and lead hip ROM. There were no significant relationships between
trunk or hip ROM and pitching kinematics. There was a significant relationship between hip shoulder separation and
peak trunk rotation velocity (r = 0.390, p=0.027). There was a significant relationship between pitch velocity and
peak trunk rotation velocity (r = 0.478, p = 0.006). There were no other significant relationships between pitching
kinematics or kinematic sequencing.

Conclusion: Hip shoulder separation is related to trunk rotation velocity, and ultimately pitch velocity. These ROM
measurements can be used as normative values for hip shoulder separation in high school pitchers.

Level of Evidence: 3
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INTRODUCTION

Baseball injuries are prevalent, with injury inci-
dence reported at up to 5.8 injuries per 1000 athlete
exposures.! Of these injuries, the greatest number
of injuries are attributed to the shoulder, elbow and
trunk.? These injuries have been related to the high
levels of force that occur during pitching,® which
can result from limited range of motion (ROM) and
poor pitching mechanics.*® Accordingly, clinicians,
scientists, and coaches have attempted to identify
proper pitching mechanics and factors that influ-
ence these mechanics in order to attempt to reduce
injury risk.”?

The pitching motion is a complex movement that is
initiated with the lower extremities and integrates
the pelvis, trunk, arm, and hand to throw the base-
ball.* The pelvis and trunk serve as the link between
the lower extremities and the upper extremity that
allows momentum generated by the lower extremi-
ties to be translated to the upper extremity.®'
Appropriate and efficient proximal-to-distal kine-
matic timing between the pelvis and trunk allows
for momentum transfer to the ball, and ultimately,
increased pitching velocity.""'? If this kinematic
sequencing is not optimal, energy is not appropri-
ately transferred to the ball, and is dissipated into
the upper extremity, potentially increasing injury
risk.!'131 For example, pitchers with early trunk
rotation demonstrate greater shoulder joint forces
compared to counterparts that initiated trunk rota-
tion following front foot contact.'

Due to the importance of proximal pitching kine-
matics in relation to transferring momentum and
the potential of undue upper extremity forces," '35
clinical and biomechanical assessments have been
developed to assess these parameters.'*'® Hip rota-
tion ROM has been associated with pitching velocity
in professional pitchers,'” while trunk rotation ROM
was found not to correlate to pitching velocity in col-
legiate pitchers.’® A biomechanical variable that inte-
grates both hip and trunk kinematics is hip shoulder
separation (Figure 1). For a left-handed pitcher, hip
shoulder separation is achieved at front foot con-
tact as the hips rotate towards the plate, while the
trunk remains facing first base. This constitutes the
back (drive) leg externally rotating in order to allow
the pelvis to rotate forwards towards home. This

Figure 1. Hip shoulder separation

pitching biomechanical position integrates both hip
and trunk ROM,'® and has been observed to directly
relate to pitching velocity'® and fatigue.'® However,
hip shoulder separation has not been investigated in
relation to clinical ROM assessment, nor in relation
to pelvic and trunk kinematic sequencing.

Pelvic and trunk pitching kinematics play an integral
role in momentum transfer and in upper extremity
force distribution.®'*!* However, it is unknown how
hip and trunk ROM and hip shoulder separation
interplay with pelvic and trunk pitching kinematics
and kinematic sequencing. Understanding the asso-
ciation between clinical and biomechanical pitching
assessments may assist clinicians, scientists, and
coaches to develop effective interventions to affect
pelvic and trunk pitching kinematics and ultimately
injury risk and performance. Therefore, the pur-
pose of this study was to determine the relationship
between clinical trunk and hip ROM and pitching
biomechanical pelvis and trunk kinematics, and kin-
ematic sequencing.

METHODS

Experimental Approach to the Problem

In this retrospective review, data were examined
from reports generated as part of this study which
included a pitching evaluation. This study was
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approved by the Wake Forest University Institutional
Review Board. Participant recruitment was per-
formed through flyer and internet advertisement,
phone calls to local and regional baseball organiza-
tions, and participant word of mouth. Prior to the
pitching evaluation, participants were informed of
the risk and benefits of participating in this study. If
under 18 years old, all parents and/or guardians and
participants gave informed consent to participate in
this study. High school pitchers from regional high
schools and baseball academies participated in a
pitching evaluation at the Wake Forest Pitching Lab-
oratory. Inclusion criteria consisted of the following:
baseball athletes, any level of formal competition,
self-identified pitcher as a primary or secondary
position, and age 14 to 19 years old. Participants
were able to participate in all training, practices,
and competitions at initial testing. Participants were
excluded if they reported pain during any testing,
had undergone surgery in the past twelve months,
or were not participating in all baseball related
training, practices, or games. As part of the pitch-
ing evaluation, all pitchers had trunk and hip rota-
tion measured, and completed a three-dimensional
biomechanical evaluation. In order to have greater
clinical and literature comparison, participants

performed all range of motion testing prior to warm
up and biomechanical pitching assessment.

Trunk Rotation

The trunk rotation measurement protocol used in
this study has been validated and deemed reliable in
healthy adults.?® Trunk rotation was measured with
the motion capture system. Subjects were instructed
to sit on a standardized seat, with hips and knees
flexed to 90 degrees. A test administrator placed a
ball (21 cm diameter) between the knees of each
athlete and instructed subjects to lightly squeeze the
ball. Subjects were directed to maintain gaze direc-
tion at a point at eye level, while rotating to their
maximum end range to one side. Right and left side
rotation was performed three times and averaged
across trials.?” All subjects had markers on their left
and right acromion processes of the shoulders, and
on the left and right anterior superior iliac spines
(ASIS). The angle between the vector from the right
acromion process to the left acromion process and
the vector from the right ASIS to the left ASIS was
calculated. The local minimum and maximum val-
ues were identified as the maximum left and right
trunk rotations, respectively (Figure 2). Trunk rota-
tion was designated to dominant and non-dominant

A) Starting Position

B) Left Rotation

C) Right Rotation

Figure 2. Trunk Rotation
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sides for analysis.'"® Trunk rotation difference was
derived by subtracting the non-dominant side trunk
rotation from dominant side trunk rotation. A nega-
tive number entails that the dominant side trunk
rotation is greater than the non-dominant, while a
positive number entails that the non-dominant side
trunk rotation is greater than the dominant.

Hip Rotation

Participants were placed supine with the hipand knee
flexed to 90 degrees.?* Two test administrators per-
formed testing procedures, one administrator held
the limb in position, while the second administrator
measured the testing limb. Both test administrators
performed the same duty for all measurements.” A
standardized bubble goniometer (Baseline Absolute
Axis, Fabrication Enterprises Incorporated, White
Plains, NY) was utilized for all measurements, with
the stationary arm perpendicular to the long axis of
the subject and the mobile arm parallel to the tibia
(Figure 3). The test administrator took hip internal
rotation (IR) and external rotation (ER) to a firm end
feel without altering arthrokinematics.® Hip meas-
urements included IR, ER, and total range of motion
(TROM). Total ROM was derived by adding the val-
ues for hip IR and ER.?® All hips were designated as
stance and lead limbs. The stance limb was defined as
the leg that coincided with the participant’s throw-
ing arm. The lead leg was defined as the limb con-
tralateral to the throwing extremity.** The difference
between hip IR, ER, and TROM was calculated by
subtracting the lead limb from the stance limb. The
hip ROM protocol has been found to be valid and

have excellent reliability in healthy adults and sub-
jects with hip pathology.?** The standard error of
measurement was observed to be 2.4 degrees for IR
and 2.5 degrees for ER.?

Biomechanical Analysis

Three-dimensional motion data were collected
using the 38 reflective marker set required for
PitchTrak (Motion Analysis Corporation, Santa Rosa,
California), and a sixteen-camera motion analysis
system (Motion Analysis Corporation, Santa Rosa,
California). Motion data were collected at 250 Hz.
Pitchers threw from an indoor turf mound, the Per-
fect Mound (Porta-Pro Mounds Inc, Sauget, Illinois).
The mound was engineered to meet major league
specifications and covered with 4.4 cm (134 inch)
infilled turf. Pitchers were allowed to wear their
cleats. Ball velocity was recorded with a Trackman
device (Trackman, Scottsdale, Arizona).

After completing clinical measures, each pitcher
went through a pregame warm-up period of 15 min-
utes consisting of dynamic warm up and throwing
to 36 m. To maintain pitching specific routines,
the dynamic warm up and throwing count was not
standardized. Following warm up, pitchers threw a
series of four fastballs, four breaking balls, and four
change ups to a catcher receiving throws at a regula-
tion distance (18.4 m) or a target net behind a plate
at regulation distance. Fastballs were thrown first.
Due to each pitcher pitching a different selection of
breaking balls (e.g. curveball or slider) and change-
ups (e.g. circle changeup, split finger, or fork ball),

A. External Rotation

Figure 3. Hip Rotation

B. Internal Rotation

The International Journal of Sports Physical Therapy | Volume 15, Number 6 | December 2020 | Page 1122




or only throwing two pitch types, only the fastball
data were analyzed for this study. Data were pro-
cessed and variables were calculated with Visual
3D (C-Motion, Inc. Germantown, Maryland). Vari-
ables extracted from the pitching reports included
ball velocity, hip shoulder separation at foot contact,
peak pelvis rotation velocity, peak trunk rotation
velocity, time of peak pelvis rotation velocity, and
time of peak trunk rotation velocity. Pitching mod-
els were defined using the PitchTrak model, and seg-
ment coordinate systems were defined according to
ISB recommendations.'»* Hip shoulder separation
was defined as the angle of rotation between the
trunk and pelvis segments.

Statistical Analyses

An a priori analysis was performed with a 3 of 0.80,
an o of 0.05 that determined a sample size of 15
was necessary to observe a moderate correlation
of 0.30.%% Prior to analyses, data were evaluated for
normality. Data were observed to have a normal
distribution for ROM data, excluding hip TROM
and trunk rotation measurements. Data had a non-
normal distribution for kinematic data. Data trans-
formations were then attempted for kinematic data
without success, resulting in utilizing non-paramet-
ric analyses. A series of t-tests and non-parametric
Mann-Whitney U tests were performed to analyze
the presence of a difference between dominant and
non-dominant sides for all ROM data (p<0.05). A
series of non-parametric Spearman’s Rho correla-
tions were then performed to investigate the rela-
tionship between trunk and hip ROM, and trunk
and hip biomechanical kinematics, and trunk and
hip kinematic pitching sequence (p<0.05). The
current baseball biomechanical industry recom-
mended threshold for hip shoulder separation is 55
degrees. In order to increase clinical utility, receiver
operator curve (ROC) analyses were performed
between the proposed hip shoulder separation
threshold and trunk and hip ROM that exceeded a
correlation of 0.20. An a priori area under the curve
(AUC) of 0.70 was set for significance.”” y*analyses
was performed to calculated odds ratios with 95%
confidence intervals (95% CI) for all significant
ROC curve analyses. All analyses were performed
in R version 3.5.1 (R Core Team [2013]. R: A lan-
guage and environment for statistical computing.

R Foundation for Statistical Computing, Vienna,
Austria. URL http://www.R-project.org/). All range
of motion and velocity averages are reported as
degrees or degrees/second + standard deviation
(SD), unless otherwise stated.

RESULTS

A total of thirty-two high school baseball pitchers
were included in the final analysis with a mean age,
height, and weight of 16.3 + 1.2 years, 184.0 + 6.9
cm, and 76.8 + 20.8 kg, respectively. Most of the
pitchers (N =23 [72%]) were right-hand dominant in
terms of throwing and had played baseball for a mean
of 11.5 + 1.6 years. A total of 25 participants identi-
fied as primarily a starting pitcher, and seven identi-
fied pitching as their second position. Trunk and hip
range of motion averages are summarized in Table 1.
Briefly, hip ER differences between stance and lead
legs were -0.1+11.0° (p=0.974). Hip IR differences
between stance and lead legs were 0.5+6.1° (p =
0.793). Hip TROM differences between stance and
lead legs were 0.4 +12.1° (p = 0.748). Trunk rotation
differences between dominant and non-dominant
sides were -2.8+7.6° (p = 0.238). Mean pitch veloc-
ity was 34.7+ 2.3 m/s. Peak pelvis rotation velocity
was 669.1 +95.5 deg/s and peak trunk rotation veloc-
ity was 1084.7 +93.0 deg/s (Table 2).

Correlation analysis between trunk and hip
range of motion, biomechanical kinematics,
and kinematic pitching sequence

There were no significant relationships between hip
shoulder separation and peak pelvic rotation velocity
(r =-0.349, p = 0.051), time of peak pelvis rotation (r =
0.155, p=0.397), time of peak trunk rotation (r =
-0.150, p = 0.412), or the difference in time of peak
trunk and pelvis rotation (r = 0.045, p = 0.808). There
was a significant moderate relationship between hip
shoulder separation and peak trunk rotation velocity
(r = 0.390, p = 0.027) (Figure 4).

Furthermore, there were no significant relation-
ships between pitch velocity and peak pelvis rota-
tion velocity (r = -0.026, p=0.891) or the difference
in time of peak trunk and pelvis rotation (r =0.276,
p=0.126). There was a significant moderate relation-
ship between pitch velocity and peak trunk rotation
velocity (r = 0.478, p = 0.006) (Figure 5).
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Table 1. Range of motion* and relationship to hip shoulder separation.

Mean+ SD Spearman’s Correlation p-value

Stance Hip ER 43.8+11.0 -0.11 0.535
Stance Hip IR 29.8 +8.1 -0.09 0.614
Stance Hip TROM 73.5+14.0 -0.21 0.249
Lead Hip ER 438+ 11.4 -0.07 0.693
Lead Hip IR 293479 -0.29 0.109
Lead Hip TROM 73.0+15.2 -0.21 0.249
Hip ER Difference -0.1 +11.0 -0.16 0.388
Hip IR Difference 0.5+6.1 0.24 0.195
Hip TROM Difference 0.4+ 12.1 -0.04 0.815
Dominant Side Trunk Rotation 61.0+10.8 0.02 0.892
Non-dominant Trunk Rotation 63.8+10.6 0.19 0.308
Trunk Rotation Difference 2.8+7.6 -0.09 0.622
TaoTDomin S T a7
Ruoof Do S Tk oy,
faioch i 1572500
RuooNardomimtSe g
* Reported in degrees

ER = External Rotation, IR = Internal Rotation, TROM = Total Range of Motion, SD = Standard Deviation

Table 2. Pitching Kinematics and Kinematic Sequence.

Measure + SD
Hip Shoulder Separation (in °) 48.4+109
Peak Pelvis Rotation Velocity (in °/second) 669.1+95.5
Peak Trunk Rotation Velocity (in °/second) 1084.7 +£93.0
Peak Pelvis Rotation Time (in miliseconds) 782.1 +112.1
Peak Trunk Rotation Time (in miliseconds) 806.4 +98.6
D.iffere.nce .in.Peak Trunk and Peak Pelvis Rotation 243+243
Time (in milliseconds)
SD = Standard Deviation

Receiver operator characteristics analyses
between hip shoulder separation and hip

and trunk range of motion

A total of 22 (69%) pitchers exhibited hip shoulder
separation < 55 degrees, and 10 (31%) pitchers dis-
played hip shoulder separation above 55 degrees.
There was a relationship between the hip shoulder
separation cut point and the difference between
stance and lead hip IR (AUC = 0.78, p = 0.024).
Pitchers with a hip difference of 4.3 degrees (95 CI:
-0.8,8.4) had a1.23 (95% CI: 1.05, 1.50) greater odds
of displaying greater than 55 degrees of hip shoulder

separation. There was no relationship between
the hip shoulder separation cut point and lead hip
IR (AUC = 0.68, p = 0.105), non-dominant side
trunk rotation (AUC = 0.55, p = 0.631), or the ratio
between non-dominant trunk rotation and lead hip
IR (AUC = 0.67, p = 0.202)

DISCUSSION

The main findings of the study were that there was
a moderate association between hip shoulder sepa-
ration at foot contact and peak trunk rotation veloc-
ity, as well as between pitch velocity and peak trunk
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velocity and pitch velocity

rotation velocity. However, there were no relation-
ships between hip or trunk ROM and pitching kine-
matics nor pelvis and trunk kinematic sequencing
and hip shoulder separation. These results have
implications in sports performance, specifically the
potential relationship of hip shoulder separation
and the stretch shortening cycle, as previous stud-
ies have demonstrated that pelvic and trunk pitch-
ing kinematics play an important role in in pitch
velocity, which has been shown to directly influence
pitching performance.?'>1?

Maximum trunk rotation velocity was similar to pre-
vious studies, demonstrating similarity in baseball
participants and biomechanical model structure.®?
However, this study reported hip shoulder sepa-
ration in degrees, which is in contrast to previous

studies that reported hip shoulder separation in
percentage or only as a correlation to pitch veloc-
ity.'®' In this study, hip shoulder separation was
reported in degrees to increase the clinical utility of
these findings. Greater hip shoulder separation may
allow for increased potential elastic energy to be
retained prior to trunk rotation through the oblique
stretch shortening cycle.!®?® During pelvic rotation,
the oblique musculature eccentrically contracts, fol-
lowed by concentric muscular contraction during
trunk rotation.?® The greater hip shoulder separation
may potentially allow improved oblique muscular
eccentric contraction, permitting for greater torso
rotation velocity.!'® Another potential explanation
is that greater hip shoulder separation allows for a
larger rotation arc through which the trunk can build
rotational velocity. Within this study, there was no
relationship between hip shoulder separation and
time between maximum pelvic and trunk rotation
velocity. In other words, trunk rotation requires a
similar time to rotate during the pitching sequence,
irrespective of the hip shoulder separation ROM. In
the case of a larger rotational arc, the trunk then
must rotate at a greater rotation velocity. Despite
these theories, hip shoulder separation should be
analyzed when assessing kinematic factors that can
affect pitching motion efficiency.

The current study documents the moderate relation-
ship between maximum trunk rotation velocity and
pitch velocity, which supports previous research.®*
The trunk can provide up to 50% of kinetic energy
and momentum during the pitching motion.*® As a
result, greater trunk rotation along the longitudinal
axis allows for greater force transfer through the arm,
and eventually to ball propulsion.'*'* Increased trunk
rotation velocity contributes to increased shoulder
external rotation and shoulder hyperangulation,'*?
which has been directly linked to increased pitching
velocity.® As with the pitching stretch shortening
cycle within the oblique musculature,'** movement
into shoulder external rotation eccentrically length-
ens the shoulder internal rotators, providing greater
elastic energy to utilize during the pitching accelera-
tion phase.*® The direct connection between trunk
rotation and shoulder kinematics, and ultimately
pitching velocity, demonstrates the relationship
between proximal to distal pitching kinematics and
momentum transfer.
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Previous research in professional baseball players
has demonstrated a moderate relationship to hip
lead leg, hip TROM and pitch velocity, and decreased
lead leg hip ROM in all ROM measurements com-
pared to the stance leg.!” Although in the current
study there were no statistically significant associa-
tions between hip ROM and any pitching kinematics,
or stance and lead leg hip ROM, these discrepan-
cies could be attributed to the overall total volume
of pitching in professional pitchers in comparison
to high school pitchers.?* Specific asymmetrical hip
adaptations could develop through lead leg repeti-
tive loading due to the lower extremity rotational
stresses incurred during pitching.” Another possible
explanation is the methodological differences in hip
ROM measurement. While both studies utilized a
goniometer, in this study, hip ROM was measured
supine in comparison to prone.'” Measuring hip
ROM in supine decreases the hip flexor length ten-
sion relationship in comparison to prone, possibly
altering hip ROM results.** There were also no asso-
ciations between trunk ROM and pitching kinematic
variables, nor were there ROM differences between
dominant and non-dominant trunk rotation. These
results support a previous study in which trunk
ROM was not associated with pitching velocity.'®
Further, hip IR difference reported an AUC of 0.78,
and a cut point of 4 degrees. Thus hip, trunk, and
hip shoulder separation ROM data can be utilized as
healthy normative values for high school pitchers
when evaluating hip and trunk biomechanics, which
includes hip shoulder separation. Previous literature
proposes that passive ROM should be greater than
active ROM.* While hip shoulder separation is dif-
ficult to quantify without 3D biomechanical evalu-
ation, if a high school pitcher exhibits less hip and
trunk ROM, smaller differences between stance and
lead leg ROM, or a smaller ratio between hip and
trunk ROM than these normative values, clinicians
should be cautious of the pitcher’s ability to produce
adequate hip shoulder separation. As a result, fur-
ther examination, potentially including biomechani-
cal assessment, should be recommended. Further,
the results demonstrate that increased hip shoulder
separation should allow for increased trunk rotation
velocity and increased pitch velocity. The current
ROM results suggest that these pitchers are capable
of achieving greater hip shoulder separation than

demonstrated biomechanically. However, these
pitchers may not have achieved maximal hip shoul-
der separation due to the exact timing and sequenc-
ing between hip, trunk, and shoulder acceleration
during the pitching motion. While there was a 24.3
millisecond difference between peak pelvis and
peak trunk velocities, previous literature proposes
that trunk acceleration should not begin until after
peak pelvis rotation.''* While the instrumentation
and models used within this study did not allow for
analysis of the timing of the occurrences during the
pitching sequence, timing and sequencing variables
should be explored in future work.

Strengths and potential limitations

This study assessed clinical and pitching biome-
chanical variables, providing clinical and base-
ball specific context. Hip and trunk velocity and
kinematic sequencing were assessed, allowing for
increased interpretability of these findings. While
the warm up time was standardized to 15 minutes,
each participant performed an individual warm up,
decreasing the repeatability of this study. Each pitch
type was pitched in succession, which may have cre-
ated an order effect. Only fastballs were assessed for
this study. Other pitches may have slight differences
in kinematic variables decreasing the generalizabil-
ity of these results to pitches other than the fastball.
Only high school pitchers were recruited for this
study, who may be physical and pitching develop-
ing athletes, which diminishes the generalizability
of these findings to other pitching populations.

Future research

The role of pelvis and trunk kinematics and pitch
velocity has been elucidated,®'*'* however, there are
currently no prospective studies investigating the
interplay between hip and trunk ROM and hip and
shoulder kinematics and injury risk. To this end,
future research is required to understand how these
variables change following injury or potentially con-
tribute to injury. Understanding how hip and trunk
ROM and proximal pitching kinematics relate to
injury can assist clinicians and coaches in develop-
ing effective interventions. While proper proximal
pitching kinematic sequencing has been established
as an important pitching biomechanical variable,®"'*
an additional study is required to understand what
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factors affect pitching kinematic sequencing. Lastly,
further research is required to understand if specific
strength and conditioning and rehabilitation exer-
cises can improve hip shoulder separation and hip
shoulder kinematics and kinematic sequencing.

CONCLUSION

The results of this study demonstrated signifi-
cant moderate associations between hip shoulder
separation at foot contact and peak trunk rota-
tion velocity and between pitch velocity and peak
trunk rotation velocity. There were no associations
between hip or trunk ROM and pelvis or trunk
kinematics or kinematic sequencing. Hip shoulder
separation can be used as a pitching biomechani-
cal variable to help determine pitching motion
detriments that can affect trunk rotation velocity,
which in turn is related to pitching velocity. These
hip, trunk, and hip shoulder separation ROM data
can be utilized as healthy normative values for
high school pitchers.
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